We report investigations of conductance fluctuations (with 1=f power spectra) in doped silicon at low temperatures (T < 20 K) as it is tuned through the metal-insulator transition (MIT) by changing the carrier concentration n. The scaled magnitude of noise, H , increases with decreasing T following an approximate power law H T ÿ . At low T, H diverges as n decreases through the critical concentration n c , accompanied by a growth of low-frequency spectral weight. The second spectrum and probability density of the fluctuations show strong non-Gaussian behavior below 20 K as n=n c decreases through 1. This is interpreted as the onset of a glassy freezing of the electronic system across the MIT.
The Anderson-Mott metal-insulator transition (MIT) has been one of the most studied yet unresolved areas in condensed matter physics [1, 2] . A fundamental issue of considerable interest is that of conductance fluctuation (noise) as T0 ! 0. The two main aspects, at the approach of the transition, are the divergence of noise near the critical region and the onset of non-Gaussian fluctuations. Experimental investigations of the noise magnitude in thin films of In x O y [3] at room temperature and in Si inversion layers [4] at low temperatures show a divergence near the MIT. The only investigation of non-Gaussian fluctuations at the MIT has been done in 2D silicon inversion layers [5] . In this Letter we present the results of the first extensive experimental investigations of nonGaussian conductance fluctuations in a bulk (3D) system (single crystals of P-doped Si) as it is driven through the MIT at low temperatures. As T ! 0 and the system crosses over to the insulating regime, the noise magnitude diverges, with a sharp rise in the contribution of slow dynamics to the spectral power. The fluctuations in this regime become increasingly non-Gaussian.
The P-doped Si samples (in some cases Bcompensated) were taken from the same batches that were used earlier for transport studies near the MIT [6] with a range of doping levels n from 3:3 10
18 =cm 3 to 1 10 19 =cm 3 , covering both sides of the critical doping level (n c ) for MIT (see table, Fig. 1 ). Samples of length 300-500 m, width 50-100 m, and thickness 25-50 m were bonded with 25 m gold wires to provide low-noise Ohmic contacts. Figure 1 shows the variation of conductivity with T down to 0.1 K. When fitted to the simple relation 0 mT 1=2 , samples with 0 > 0 are taken as metallic. In the samples with n=n c 1 the conductivity for T < 10 K follows Mott's variable range hopping with T c expÿT 0 =T 1=4 . T 0 ! 0 as n ! n c from the insulating side.
Noise was measured as a function of T using a fiveprobe ac technique [7] . The time series of voltage fluctuations were digitally processed [with typically 1-5 10 5 data points] to obtain the power spectra S V f, which varied as S V f 1=f in the range 10 ÿ3 Hz f 4 Hz. The temperature was controlled to better than 1 mK. The spectra at 4.2 K were also taken by directly immersing the samples in liquid 4 He with the temperature stability better than 100 K, and no significant difference was found. In all samples, S V f increases as the temperature is decreased below 100 K. For T > 100 K the noise increases with T again and this arises from classical mechanisms [8, 9] which are outside the scope of this paper. Figure 2 shows a plot of the relative conductance fluctuation hG 2 i=G 2 R dfS V f=V 2 , integrated over the experimental bandwidth, for a representative insulating sample (K139) with n=n c 0:94 for T < 10 K. When measured with a sufficiently low biasing field, hG 2 i=G 2 varies approximately as A=T . The behavior presented in Fig. 2 is typical for all samples on both sides of the MIT, right down to the lowest measured T.
As T decreases, the measured noise becomes increasingly sensitive to the bias field E, and unless measured with a bias E < E , a characteristic field, the noise tends to ''flatten out'' or saturate as seen in Fig. 2 . For E > E T, the noise decreases according to an inverse power law with E. Any ''sample heating'' explains only a small part of this noise suppression. E T in all the samples increases with increasing T. The results presented here correspond to E < E such that S V f / V 2 . Figure 3 shows a plot of the Hooge parameter [10] H fNS V f=V 2 at 1 Hz as a function of n=n c for different T, N being the total number of carriers in the measured volume. For n=n c > 1, H is comparatively small but as n=n c ! 1, H increases slowly. At lower temperatures (T < 6 K) close to n=n c 1, H starts increasing rapidly and changes drastically over several orders of magnitude as it goes over to the insulating side. The strong temperature dependence of H in the immediate vicinity of n c is shown in inset (a) of Fig. 3 .
At higher temperatures (T 6 K), the value of H passes through a sharp peak at a value of n=n c very close to but less than 1 [11] . Figure 3 inset (b) shows the variation of as a function of n=n c . For n n c , 0:5 as expected from universal conductance fluctuation (UCF) [12, 13] , slowly increasing to 1 as n approaches n c . This can also be rationalized within the framework of UCF when the conductance becomes scale invariant [14] . However, shows a rather sharp increase while it passes through the MIT and becomes 1 in the most insulating sample. The changes in H and across the MIT are extremely large and could not be analyzed within the framework of UCF (which is saturated in these systems [12] ) or kinetic models [10] .
On the weakly localized metallic side (n=n c 2) the measured noise is Gaussian. However, at low temperature (T 4:2 K) the noise departs strongly from a Gaussian as n=n c ! 1, as seen from the second spectrum [15] 
has a frequency independent ''white'' spectrum (Gaussian background). A departure of S 2 f from a white spectrum will be an indication of non-Gaussian fluctuations. Figure 4 (a) shows the second spectra S 2 f (with the Gaussian background subtracted) of five uncompensated samples close to the MIT at T 4:2 K, normalized by
The spectra (f < 1 Hz) fit the relation S 2 f / f ÿp , which is usually taken as a sign of interaction between the fluctuators [15] . As a function of n=n c , p changes [see inset, Fig. 4(a) ] from a small value for n=n c > 1, to 1:5 as the insulating state is reached, changing rapidly at n n c . Figure 4 (b) shows how p varies from a small value <0:5 to a large value 1:3 in the insulating sample K240 as the temperature is lowered. These observations clearly show that as the MIT is approached the dynamics that gives rise to the conductance fluctuation becomes increasingly non-Gaussian and this is more so as the temperature is lowered. The deviation from Gaussianity can also be seen through the fluctuation probability density function (PDF). This is the probability PjVj of occurrence of a voltage jump of magnitude jVj due to the fluctuating conductance. Figure 5 shows representative data plotted as PjVj vs jV 2 j. The upper panel shows that while the metallic sample PS41 has a Gaussian PDF at 4.2 K, the insulating samples K242 and K139 exhibit deviations from a Gaussian for higher values of jVj. The deviation grows as n decreases below n=n c as well as with decreasing T, as seen in K240, lower panel of Fig. 5 . We find that the non-Gaussian tails can be expressed with a lognormal dependence on jVj, where lnPjVj / lnjVj 2 , as predicted by several theoretical investigations in this regime [17] .
The divergence of the conductance fluctuations at the MIT has been predicted in some models [18] . However, it is unlikely to arise from the usual dynamics of atomic defect relaxations [10, 13, 15] as the strongest coupling mechanism that can produce conductance fluctuation from atomic dynamics is UCF which itself saturates at a variance of e 2 =h. The measured noise for n ' n c is much larger than that estimated from the UCF theory. Further, there is no reason why the defect dynamics should become more correlated as n is decreased.
There is a marked increase in slow relaxations as n is decreased. Figure 6 Inhomogeneous systems near a percolation threshold may give rise to non-Gaussian fluctuations, even for independent fluctuators, as proposed in the dynamical current redistribution (DCR) model [19] , which usually works well in systems with large local fluctuations. With the fluctuations (R=R) in our most insulating sample, K139, being <10 ÿ4 [ Fig. 6(a) ], the applicability of this model is questionable in our system. Moreover, DCR fluctuators appear in series, tending to decrease . In contrast, we find a sharp increase in slow dynamics and an enhanced . This indicates a growth in correlations within the fluctuators, leading to large, slow fluctuations. We suggest that this is an indication of a glasslike freezing similar to what has been seen in spin glasses [15] . Analysis of conductivity data close to the MIT has shown that a comprehensive scaling description could be obtained if a glasslike transition is invoked [20] . Recent experiments on 2D Si inversion layers [4, 5] show divergingly large low-frequency non-Gaussian fluctuations near the transition, interpreted as glasslike freezing of the electrons [21] . The similarity of the non-Gaussian spectra seen in both 2D and 3D (present investigation) raises the interesting possibility that such correlated dynamics may indeed be a universal feature of the MIT irrespective of dimensionality. At the MIT the single particle density of states can show both temporal and spatial fluctuations and if the dynamics is glassy then the relaxation time becomes an exponential function of the correlation length [20] . In this regime, the fluctuations are likely to be electronic in origin. The slowing down of the time scale of charge fluctuations is due to correlated transitions of electrons over a large number of metastable states and is in agreement with simulational results [22] . We propose that the large rise in the low-frequency noise at the approach to transition is a manifestation of lowfrequency dynamics of the fluctuations in the local density of states which are strongly correlated by Coulomb interaction in the absence of strong screening.
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